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Sheet 8 solution 



1. In hierarchical modeling, objects are specified using other objects. For example, an object A is 
specified relative to its center which is usually assumed to be located at the origin (object 
coordinate system). Object A can then be used in another object (say B) specification. To put A in 
its right place as a part of B, the required transformations are done. Other object C may be 
specified using B (which in turn contains A) and so on. 

The advantages of hierarchical modeling 

• It motivates modularity is design. This simplifies the design and make its modification 
more easy and structured 

• A components is constructed once and is used any number of time. In OpenGL this can be 
implemented using display lists, hence leads to performance enhancement. 



Instructor: Dr. Hamed Hemeda 



Tan ta university Computer graphics course 

Vacuity of engineering Second year students 
Computer and automatic control department Sheet 8, <Date : 10/04/2012 



2 m l ^include "stdafy.h" 

2 #include <stdlib.h> 

3 #include <Gl_/glut.h> 

4 ^include <matl- . h> 

5 #in elude <string.h> 

G 

" ^cefine circle i // for circle display list 

s #tJefine half_circle 2 // for circle display list 

9 // create the face components (the component box is l by 1} 

16 void CreateFaceCcmponentsO 

11 { 

12 // define the circle display list 

13 // The circle is 1 by 1 centered at The origin 
14- float amgle; 

15 glNewList (CIRCLE, GLjIOMPILE ) ; 

15 glEsgir _l:ne_logp); 

17 for<int i=0;i<2S;i++)/7 each 10 degrees angle 

is { 

19 angle=3.l4l59/is*i;// 10 defrees is radians 

26 glVertexEf (ccs (angle) j sin (angle)); 

21 } 

22 glEndQ; 

23 glEndListQ; 

24 // define the half circle display list 

25 // The circle is l by l centered at the origin 

26 glNewList (HALF_CIRCLEj GL_COMPILE); 

27 glE e gin ( G L_ L I NE_S TRIP); 

for^int i=0;i<=LS;i+-i-}// each 10 degrees argL± 

29 { 

angle=3. 14159/13*1 ;// 10 defrees is radians 

31 glVertexEf (ccs (angle) 3 sin [angle)); 

32 } 

33 glEnd(); 

34 glEndListf); 

35 } 

2 i void Out Face J ) 

37 { 

// this function play uith the transfcrmation 

39 glp u s h Att rib { g l_al __ att 3 r b_b its ) ; 

49 glPushMatri>{ ); 
41 

42 // the outer outline 

43 glCallLL5t(CIRCLE)j 
44 

45 //the left eye 

46 // position for the left eye 

glTranslatef { -0„25j 0.25^0);// starting from the center of the outer ouLine circle 

4E glscalef (3.ftF/iee,B.8F/ie8,H.8F/l00);// the eye circle is s% from the face circle 

49 glcallListfciRCLE : ; 

50 

// the right eye 

52 // back to the original scale for the translate to be wrt the face outline 

53 glscalef ( 100^/5.0,100. 0F/8.e., 100. 0F/S.0); 

54 // position for the right eye starting 

glTransLatef (0. 5J0J0);// starting from the center of the Left eye circle 

55 glscalef (£ .0F/l0e J £.0F/ie& J s.SF/i00);// the eye circle is s% from the face circle 
glcallLLst(ciRCLE);// the right eye circle, with the same scaling 

5E 

/..■' The ncse 

60 // back tc the original scale for the translate to be wrt the face outline 

61 glscalef (100. 0F/B. 0,100. 0F/8. fljiee. 0F/3.0); 
//Position for the nose 

glTransLatef [ -0. 25, -B.SjB) ; //starting from the right eye position 

glscalef (a. BF/iee j s.eF/ie&jS.&F/iee);// the nose circle is 2% from the face circle 

glcallListfciRCLE)!// the mouse circle^ uith the same scaling 

66 
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67 U the mouth 

if back to the original scale for the translate to be wrt the face outline 
69 glscalef(i0e,eF/&.e.,i8B.0F/s.8jia8.eF/3.&); 

//Position: for the mouth 

glTranslatef Ce J -e.2 J B);//5tairting from the nose position, translate then: rotate not the reverse 
72 glRotatef (iae.0 ± e-j8j,i>j// rotate 150 degrees arround the z axis 

73 

glscalef C20.SF/iee J 2fl.aF/iae J aa.eF/iw)j// the mouth circle is 20% froa the face circle 
glcallList(HALF_ciRCLE ) ; / / the mouse circle^ with the same scaling 

76 

glPop-MatrixOj 
78 glPcpAttrib(>j 

79 

se } 

81 void display ( ) 

£2 { 

S3 glc 1 e ar ( gl_colo r_b u f f e r_ e i t ) ; 

84- QutFace(); 

85 glFlushj); 

86 } 
87 

G3 void myinit{} 

89 { 

90 glM at rixMode ( G L_ P RO ] E ctio h ) ; 
s_ gli_cacidertity(); 

Si gluOrtho2D(-5.0 ± 5, -5, E } J 

93 glM at rixMode < 6 L_MOD E LVI EW) j 

9+ glclearcclor (i.e., i.e., 1.0, 1.0); 

95 glcolorsf (0.^0.^0.0); 

96 } 

97 

9E int mair{int argc^ char **argv) 

99 { 

100 glutlnit (^argc j argv); 

101 glut I nitDisp la yM.ode( glutting LE | glut_rgb>; 

102 glutinitwindcr-jsizei^e-ej 500); 

103 glutCreatei-JindoiAi-C'Font creation"); 

104 glutDisplayFunc (display); 

105 inyinit(); 

106 Create 1 acecorponentsj 

107 glutMainLoop{) ; 
10E } 



3. The solution is the same as in problem 2 but the disaply function is modefied as follows: 

void display() 

{ 

glClear(GL_COLOR_BUFFER_BIT) ; 
OutFace( 

glTranslatef (-2j2j©); // to the left and to up 
Out Face ( ) j 

glTranslatef (4,0,0).;// to the right 
OutFace( ) ; 

glTranslatef (&, -4,&) ;// to down| 
OutFace( ) ; 

glTranslatef ;// to the left 

OutFace(); 

filFlushQj 

} 



4. glutReshapeFunc(...): Is used to register a callback function for the reshape event. The reshape 
event occurs when the drawing window size is changed, for example as a result of user 
interaction. 

glutMotionFuncQ: Is used to register a callback function for the motion event. The motion event 
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occurs when the user does an active motion with a pointing device. Active motion in the case of a 
mouse means that the mouse pointer moves while a button is pressed; a passive motion is the 
movement of the cursor without pressing any buttons. 

glutMouseFuncQ: Is used to register a callback function for the mouse event. The mouse event 
occurs when one of the mouse buttons changes state (pressed or released). 



5. 1 /" The prcgrar ooers a window, clears it tc black, 

2 then drams a box at the location of the mouse eaci time the 

3 left button is clicked. The right buti;r exits the program 

4 

5 The program also reacts correctly when the window is 

6 Boved or resized by clearing the new '.virdo'.v to black*/ 

7 

£ #include "stdafx.h" 
9 #include <stdlib.h> 
le #include <GL/glut.h> 

11 #include <math.h> 

12 ^include <strirg. h> 
13 

14 f* globals */ 

15 GLsizei wh = 50@ t ww = 500; /* initial window size */ 

16 GLfloat size = 3.e; /* half side length of square */ 

17 

18 void drawsquarefint x 3 int y) 

19 { 

20 y=wh-y;/7 convert from window coordinates to world coordinates 

21 // choose a random color 

22 glColor3ub( (char) rand()%25S J (char) rand{)^25&j {char} rand()%256); 

23 glBegin (G L_PC LYGCN } \ 

24 glvertexzf (x+sizej y+size); 

25 glvertexzf Cx-size, y+size); 

26 glvertexzf Cx-size, y-size); 

27 glvertexzf (x+size^ y-size); 

28 glEnd(); 

29 glFlushQ; 

30 } 

31 void myMouse< int btn, int state., int x, int y) 

32 { 

33 i f ( bt n ==G L ut_l E = T_B utton && st a te= = G LU t_dcwn ) drs wsquare (x t y ) ; 

34 if (btn==GLUT_RIGHT_BUTTON && st a te = =G LU T_DOWN ) exit (8); 

:■ 

36 void displayO 

37 { 
33 

39 1 

-0 void my^eshaDe (GLsizei w, GLsizei h) 

41 { 

42 /" adjust clipping box */ 

43 g 1 Mat ri XMO d e ( G L_P RQ3 ECT ION > ) 

44 glLoadldentityC); 

—5 glorth^a.e, (GLdcuble)Wj 2.0, CGLdoubleJh, -i.e., 1.0); 

46 g 1 Mat ri xmo d e ( G l_mode l vi e l-j ) ; 

-7 glLoadldentityC); 

48 /* adjust viewport and clear */ 

49 glviewport w, h); 

50 glclearciolor (l.e, i.Bj i.z, _.&); 

51 glClear(GL_CCLOR_EUFFER_BIT); 

52 glFlushO; 

53 /* set global size for use by drawing routine */ 

54 ww = 

5 r wh = h; 

:■ 

57 void my in it () 
&s { 

59 glviewport (0 t e j ww j wh); 

60 g 1 Mat ri xmo de(G L_P RO J ECT ION) j 

61 glLoadldentityC); 

62 glortho(0.0, (GLdcuble) ww 3 0.0, (GLdouble) wh } -1.0, 1.0); 

63 g 1 Mat ri xmo d e { G l_mode l vi e l-j ) ; 

64 glciearcolor (l.a, l.fij 1.2, 1.0); 

65 glciear(G L_co lor_e uf f e r_b it } ; 

66 glFlushQ; 
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67 glCoLor3f (0.0^0.0,0,0); 

;■ 

69 int main(int argc, ctiar **argv) 

70 { 

glutlnit(&a"gc., argv); 

72 glutrnitDisplayMode(6LUT_siNGLE | ■slut_rgb); 

73 glutrnitwindowsizeCSBOj 5»); 

g 1 utc re at ewind ow ( "Mou s e e v e nt Ir } ; 
glut Reshape =unc (my Reshape); 
glutf.ouseFunc ( myMouse}; 
glutDisplayFunc (display); 

78 nyinit(); 

79 glutN.ainLcopQ; 

;■ 



6. The solution is the same as the solution of problem 5 except the addition of the statement 
glutMotionFunc(drawSquare) ; 
direclly after the line no. 76 
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